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INTRODUCTION 

For centuries ships were “careened," or laid over on their sides, 

to remove fouling from their hulls and replace the materials then used 

as antifoulants. In 1495, the first dry dock was built for Henry VII at 

Portsmouth (Ref 1), and this method for removal of fouling has today 

replaced careening. Neither of those methods is presented as a possible 

way to keep an Ocean Thermal Energy Conversion (OTEC) facility free of 

fouling, but they are cited to present the difficulty man has encountered 

over the centuries in ridding his ocean-going vessels of accumulating 

biomass. 

This investigation was directed at the production of concrete which 

will resist the attachment of marine fouling organisms. Such a concrete 

is needed to form or line the hull and cold water pipe of the proposed 

OTEC structure. Growth of marine fouling organisms on a floating structure 

can add significantly to its weight, thus reducing freeboard. For 

instance, biomass has accumulated to 25 1lb/ft* on buoys in less than 3 

years (Ref 2, p. 17). The cold water OTEC pipe, when fouled, would 

provide a reservoir of adult organisms (Ref 2, pp 11-14) that could 

discharge eggs or larvae directly into the heat exchanger surfaces. 

Adult members of an established fouling community would be sloughed off 

in time, causing clogging of screens. Broken pieces of calcareous 

shells of adults carried in the cold water intake would present further 

problems. The Civil Engineering Laboratory (CEL) has undertaken an 

investigation of methods to make concrete that resists the attachment of 

marine fouling organisms. 

Ten years ago at CEL, James S. Muraoka prepared concrete incor- 

porating toxic chemicals as antifoulants (Ref 4,5). This method of 

incorporating oily toxicants into the concrete was patented (Ref 6). In 

this method, a porous, expanded shale aggregate was impregnated with 

such toxicants as bis-(tri-n-butyltin) oxide (TBTO) and creosote. 

Concrete was then prepared from the treated aggregate, cement, and 

water. Toxicants other then TBTO and creosote were evaluated. These 

included pentachlorophenol, quaternary amines, malachite green base, 

malachite green oxalate, tributyltin fluoride, nicotine, and copper 

naphthenate. Muraoka concluded that an impregnant consisting of a 

mixture of creosote and TBTO (3:1 by volume) yielded concrete having the 

best antifouling properties (Ref 5). Because the interest at that time 
was primarily in antifouling properties, sand was not used in the con- 

crete mix design. As a result, the compressive strength of the resulting 

product was lower than that of standard concrete. With the advent of 

the OTEC concept, an antifouling concrete with a higher compressive 

strength was required. The work described in this document is directed 

toward that objective. 



ANTIFOULING MATERIALS 

Three methods of preparing antifouling concrete were investigated. 

In the first method, a porous expanded shale aggregate was impreg- 

nated with liquid toxicants, and concrete was prepared in an otherwise 

normal manner. In another method, dry toxicants were added directly to 

the concrete mix. The toxicants employed as additives in this investi- 

gation were organotin compounds, creosote, cuprous oxide, and a chlo- 

rinated organic insecticide. These were evaluated alone or in certain 

combinations. The third method involved the application of a special 

coating to otherwise untreated concrete. Two antifouling coating systems 

were investigated, both containing organotin toxicants. 

All of the materials investigated were incorporated into or were 

applied to 3-in.-diam x 6-in.-long concrete cylinders. The test cylinders 

were then exposed in the ocean at Port Hueneme, Calif., and Key Biscayne, 

Fla. The cylindrical shape was chosen so that compressive strength 

determinations could be made according to methods stipulated by the 

American Society for Testing and Materials (ASTM) (Ref 7). The anti- 

fouling properties of candidate concretes were measured by periodically 

weighing the specimens and attached fouling organisms. This resulting 

weight increase was compared with that of untreated controls which were 

similarly weighed to determine, by difference, the weight of accumulated 

biomass. 

Treated Aggregate 

Liquid toxicants were impregnated into porous, expanded shale 

aggregate to establish a reservoir of these antifouling chemicals in the 

finished concrete. The aggregate was first dried at 110°C to remove 

moisture. A list of the materials used in this work is presented in 

Table 1. 

Two methods of incorporating liquid toxicant into the aggregate 

were evaluated. 

In the first, the aggregate was placed in a container, covered with 

creosote, and allowed to stand 48 hours. The creosote was poured off, 

and the treated aggregate was allowed to drain, then spread on newspapers 

overnight to remove excess creosote from the surface. Using this method, 

an uptake of creosote equal to 16.0% of the weight of the aggregate was 

realized. 

Vacuum impregnation of the aggregate was then evaluated. In this 

procedure, the dried aggregate was placed in a vacuum chamber from which 

the air was removed. Creosote was admitted until the aggregate was 

covered, whereupon air was allowed to return the pressure in the chamber 

to atmospheric, forcing the creosote into the pores of the aggregate. 

After a 1- to 2-hour soaking time, the creosote was removed and the 

aggregate dried in the same manner as before. This impregnation method 

yielded a creosote uptake of 36.8% of the weight of the aggregate and 

was used in all subsequent work. Toxicants used to treat aggregate by 

the vacuum impregnation method were bis-(tri-n-butyltin) oxide (TBTO) 

alone and 60 parts TBTO mixed with 40 parts creosote by weight (Table 2). 

The average uptake of TBTO alone by the aggregate was 40%, while the 

average uptake of the TBTO/creosote mixture was 38%. 



Before incorporation into a concrete, the surface of the treated 

aggregate was rinsed to ensure a good bond between it and the cement 

paste. Several methods of rinsing were evaluated, including steam, hot 

water, cold water, trisodium phosphate solution, mineral spirits, and 

acetone-water solution. Based on the compressive strength of concrete 

made from aggregates rinsed by these methods, the acetone:water ratio of 

90:10 by volume was selected as the method of choice and was used for 

all treated aggregate employed in this investigation. In this procedure, 

3 kg of aggregate are shaken with 1 kg of solvent for 1/2 to 1 minute. 

The solvent is immediately decanted from the aggregate which is again 

spread on newspaper or burlap to complete solvent evaporation. The 

finished aggregate is either used immediately or stored in sealed con- 

tainers until ready for use. 

Dry Toxicants in Cement Mix 

For some of the tests, cuprous oxide (Cu,0) was added as a dry 

ingredient to the concrete mix. It was added by itself and in combination 

with TBTO, but was not impregnated into aggregate. 

Methoxychlor, a chloro-organic compound, was also investigated. 

It, too, was added to the concrete mixture as a dry ingredient, both by 

itself and in combination with triphenyltin hydroxide (TPTH) and Cu,0. 

Antifouling Coatings 

Two types of coatings for concrete cylinders were tested. With 

one, an organotin-polysiloxane polymer coating was applied by brush to 

untreated cylinders. With the other, a proprietary TBTO-impregnated 

elastomer was wrapped around and cemented to untreated cylinders. 

TESTING PROCEDURES 

Preparation of Concrete Specimens 

The amounts of the constituents of the concrete are given in their 

order of addition: 

40.3 lb expanded shale aggregate (weight before impregnation) 

62.2 lb sand 

Zeal water 

47.0 1b Type II portland cement 

The wet concrete was mixed 3 minutes in a 1-3/4 ft?-capacity pan-type 

mixer. The slump was then measured; adjustments were made, if neces- 

sary, by adding more water. The finished wet concrete was then placed 

into 3-in.-diam x 6-in.-long cylinder-shaped molds to half fill them. 

The molds were placed on a vibrating table for several minutes and then 

filled to the top. The vibration was resumed and continued for several 

more minutes, after which the tops of the molds were finished with a 

trowel. The specimens were then placed in a 100% relative humidity 



(fog) room overnight. The next morning, the molds were removed, and the 

specimens returned to the fog room to cure for 28 days. 

The mix design for the concrete was not changed when various amounts 

of dry toxicants were added. In one case, pea gravel was substituted for 

expanded shale aggregate to compare compressive strengths. This was 

done in such a way that the same volume of pea gravel was used as was 

occupied by 40.3 pounds of expanded shale aggregate; thus, 79.5 pounds 

of pea gravel were used in this mix. 

The first specimens for testing were formed in 1977. Antifouling 

concrete containing aggregate impregnated with TBTO and creosote (60:40 

by weight) was prepared (Ref 8,9). A set of control specimens was also 

prepared, using the same mix design, but with untreated aggregate. This 

first set of specimens is designated as Ul, U2, Cl, and C2 (see Table 2). 

Twelve replicates of each were placed in the channel at Port Hueneme 

harbor for 173 days. At periodic intervals during exposure, ratings 

were made of the types and approximate numbers of the types of fouling 

attached to the specimens. When the specimens were removed from the 

ocean they were weighed, dried, and scraped free of the accumulated 

biofouling. At this time, it was decided that the more objective gravi- 

metric ratings gave a better indication of the antifouling performance 

than the more subjective visual observations done periodically during 

the exposure (see Table 3). Subsequently, weighing was done on all 

specimens exposed. 

The remaining sets (2 through 5 of Table 2) were exposed both at 

Port Hueneme and from docks at the University of Miami in Biscayne Bay. 

Set no. 2 contained four types of concrete: one duplicated the TBTO/ 

creosote mixture from the first set, one contained TBTO alone as a 

toxicant, and the other two were controls: one prepared with pea gravel 

to compare its compressive strength with concrete made with treated and 

untreated expanded shale aggregate. Ten replicate specimens of each 

type of concrete were exposed at both sites. 

Cuprous oxide (Cu,0) was employed in set no. 3, both by itself and 

in combination with TBTO. The Cu,0 was simply added to the concrete mix 

and wasn't impregnated into aggregate. As in the second set, TBTO was 

used by itself, but in this set the concentration of TBTO was halved in 

all cases by substituting an equal amount of pea gravel for treated 

aggregate. It was felt that this would both reduce the cost and increase 

the compressive strength of the resulting concrete. Five replicates of 

this set were deployed at both sites. Also, five replicates of each 

member of the third set were placed in the submarine harbor at Key West, 

Fla. to determine the resistance of these concretes to attack by pholads. 

No weighings were done at Key West, but visual inspections were made and 

photographs taken. 

The effect of the chloro-organic compound methoxychlor was investi- 

gated in set no. 4. In two members of this set, the toxicants added to 

the concrete were dry powders and were incorporated into the concrete 

mix by simple addition. Methoxychlor was incorporated into the concrete 

by itself and in combination with triphenyltin hydroxide (TPTH) and 

cuprous oxide. One member of this set was not added to the concrete but 

consisted of an organotin-polysiloxane polymer coating brush-applied to 

otherwise untreated cylinders. Polymerization took place when the 

substance was exposed to atmospheric moisture. The coverage was deter- 



mined by weighing to be 9.05 mg/cm. Controls from a previous untreated 

set were deployed at both sites along with five replicates of each 

candidate antifouling concrete. 

Set no. 5 was prepared by wrapping and cementing a proprietary 

TBTO-impregnated elastomer about untreated cylinders. No controls were 

prepared in this case. Five samples were placed at each of the exposure 

sites. 

Ocean Exposure 

Design Setup. Candidate antifouling concrete specimens were prepared 

as 3-in.-diam x 6-in.-long cylinders so that compressive strengths could 

be determined (Ref 10). To prepare the cylinders for exposure in the 

ocean, two small rectangular connector rings were threaded onto each of 

two nylon cable ties. One cable tie was tightly fastened about the 

circumference at each end of a cylinder with the connector rings on each 

tie located 180 degrees apart and in line with one another at opposite 

ends of the cylinder (see Figure 1). Finally, an identifying number was 

melted into each nylon cable tie with a soldering pencil. Cylinders 

prepared for exposure by this method were attached to one another by 

placing still other nylon straps through the connector rings of adjacent 

specimens loosely enough that they hung at a distance from each other, 

forming what could be described as rungs of a ladder. Such groups of 

cylinders, each suspended horizontally, were hung from docks so that the 

topmost cylinder was beneath water during an extreme low tide. Four 

cylinders were typically deployed in each group. At Port Hueneme, their 

position relative to one another in the group was changed periodically 

when they were weighed to eliminate the effect of the depth variable. 

Also, the place from which each group was suspended from the dock was 

changed to prevent the entrance of effects of other variables into the 

results. 

Sites. Port Hueneme was chosen as an exposure site because the 

Civil Engineering Laboratory is close by. Specimens were exposed in the 

channel to this deep-water port where a good exchange of water from the 

ocean is made daily — semi-diurnal tides range from 4 to 9 feet. The 

temperature extremes of the surface water range from 9° to 222 Cm (Re tam) 

Key Biscayne, Fla., was chosen as a second exposure site because of 

its warmer water and the availability of qualified personnel at the 

University of Miami to monitor the antifouling properties of the specimens. 

At Key Biscayne, the specimens were exposed in shallower water than at 

Port Hueneme, but they were placed in a location where a 5-knot current 

flowed about them. It is felt that this relatively high flow rate would 

at least approach simulation of flow conditions one might encounter in 

the cold water pipe of an OTEC platform. The tidal extremes at Key 

Biscayne are less than 2 feet, and the water temperature extremes in 

1977 ranged from 15° to 32°C (Ref 12). 

Corrosion of Simulated Reinforcing Rod 

The effect on the corrosion rate of simulated reinforcing rods by 

toxicants employed in antifouling concrete set no. 2 and 3 was investi- 

gated. One cylinder from each set was crushed and the pieces placed in 



a 5-liter plastic bucket which also contained one intact cylinder prepared 

with two 6d nails in its interior. Ten weighed 6d nails were added to 

each bucket, and seawater was allowed to trickle into it so that it con- 

stantly overflowed. The seawater addition was from a sufficient height 

that splashing and consequent aeration of the bucket's contents occurred. 

The nails were periodically removed, ultrasonically cleaned, rinsed with 

demineralized water, dried, and weighed to determine weight loss. When 

the experiment was terminated, the intact specimens were crushed and the 

nails examined for the presence of corrosion products. 

In a parallel experiment, cylinders prepared with 6d nails both at 

the center and 1 cm from the wall were exposed to partial immersion. 

Here, each of the above cylinders was placed vertically in a 2-in.-deep 

pan through which seawater continually flowed. 

The test cylinders containing the nails were exposed in a partial 

immersion test for 446 days. Inspections were periodically made to 

determine whether possible oxidation of the steel caused cracking or 

spalling of the concrete. 

Biotoxicity Tests 

Two experiments were designed to determine the relative toxicity of 

certain of the toxicants employed as antifoulants. Fertilized eggs of 

the red abalone, Haliotis rufescens, were used as test organisms in the 

first experiment. Approximately 10,000 eggs were introduced into each 

of two 50-liter plastic containers, one containing a control concrete 

specimen, and the second a specimen prepared using TBTO-impregnated 

aggregate. The next day the development of the eggs in both containers 

had terminated at the multicellular level. These concrete specimens, as 

well as others, were then placed in flowing seawater and allowed to 

leach for 102 days. The experiment was then repeated using 1/-liter 

containers with ~5,000 fertilized eggs in each. 

A second experiment was designed to measure the relative concentra- 

tions of various toxicants required to kill larvae of H. rufescens. In 
this experiment, treated and control concrete cylinders were leached for 

12 days then placed in plastic pails containing 4.3 liters of seawater 

that was filtered to 1 micron and sterilized with ultraviolet radiation. 

The cylinders were immersed for 2, 20, and 200 minutes in such a way 

that no part of the cylinder contacted the container. The larvae were 

then introduced and the effect of the three concentrations of various 

toxicants was monitored by periodic microscopic observation of the 

larval development. 

FINDINGS 

Antifouling Properties 

Set no. 1, TBTO/Creosote Mixture. After 173 days of exposure, the 

concrete prepared with the TBTO/creosote-impregnated aggregate accumu- 

lated 44% as much biofouling as the untreated control. Table 3 presents 

these data and summarizes the final subjective evaluations made after 

163 days of exposure (10 days before removal of the cylinders). 



Set no. 2, TBTO Alone and TBTO/Creosote Mixture. In this set, TBTO 

alone did not perform as well as the TBTO/creosote mixture (see Table 4). 

Cylinders prepared with TBTO alone accumulated 83% as much biofouling as 

the control after 596 days at Port Hueneme, compared with 52% for the 

TBTO/creosote mixture (Figure 2). At Key Biscayne, biofouling was 96% 

of the control for TBTO alone, and 59% for TBTO/creosote after 524 days 

(Figure 3). 

Set no. 3, TBTO Alone, Cuprous Oxide Alone, and TBTO/Cuprous Oxide 

Mixture. TBTO was employed at half the concentration used in set no. 2, 

both alone and combined with cuprous oxide. Cuprous oxide alone was 

also evaluated and found to have no effect at the concentration used. 

At Port Hueneme the weight increases after 153 days due to biofouling of 

members of this set compared to the control were: TBTO alone, 81%; 

TBTO/Cu,0, 69%, and Cu,0 only, 93% (Figure 4). Data from Key Biscayne 

after 283 days showed the same trend: TBTO alone, 92%, TBTO/Cu,0, Iib5 

and Cu,0 only, 116% (Figure 5). The specimens in this set exposed at 

Key West have not shown any signs of attack by pholads. The cylinders 

are suspended a few feet from a 6/-year-old concrete pier which exhibits 

evidence of pholad activity. 

Set no. 4, Methoxychlor Alone, Methoxychlor/Cuprous Oxide/TPTH 

Mixture, and Organotin Coating. This set was prepared to investigate 

the antifouling properties of two basic toxicants: methoxychlor and a 

proprietary organotin coating. Methoxychlor was employed alone and in 

combination with TPTH and Cu,0. At Port Hueneme, the weight increase of 

members of this set versus an untreated control after 153 days was: 

methoxychlor alone, 124%, methoxychlor with TPTH and Cu,0, 65%, and 

organotin coating, 42% (Figure 3). At Key Biscayne, the results for 

replicates of this set after 139 days were: methoxychlor, 99%, meth- 

oxychlor with TPTH and cu,0, 90%, and organotin coating, 66% (Figure 6). 

Set no. 5, Organotin-Impregnated Rubber Cover. The cylinders 

covered with the organotin-impregnated rubber accumulated an average of 

15.8 gm of biofouling after 60 days in Port Hueneme. No data are avail- 

able at this time on the replicates exposed in Key Biscayne. 

Compressive Strength 

Various solvents for washing aggregate impregnated with TBTO/creosote 

(60/40) were tested. The prepared specimens had 7-day compressive 

strengths shown below when tested according to ASTM Method C-873-77T 

(Ref 10): 

Wash Solvent Compressive Strength (psig) 

None (control) 3,920 

Acetone:water (90:10) 3,660 

None SR L90 

Mineral spirits 2,960 

Trisodium phosphate solution 220 



The first set of concrete cylinders was prepared with treated aggregate 

rinsed in the acetone-water solution, which had been selected as the 

best solvent. After 6 months of exposure in Port Hueneme, the compressive 

strength of treated cylinders was 4,200 psi, while that of untreated 

controls was 5,140 psi. 

The 28-day compressive strengths of cylinders from set no. 2 are 

compared below to those duplicates from this set exposed 9-months in the 

ocean: 

Compressive Strength 

(psig) 

Treatment Designation 28 Days 9 Months 

Control UT 35 710) 6,710 

Pea gravel PG 6,080 

TBTO TB 4,840 6,090 

TBTO/creosote KR 3,200 3,840 

The 9-month exposure measurements were for the Key Biscayne cylinders. 

The third set of concrete specimens had 28-day compressive strengths 

as follows: 

Treatment Designation 28-Day Compressive Strength (psig) 

Control V4 4,660 

TBTO v1 6,010 

TBTO/Cu,,0 V2 5,360 

Cu,,0 v3 5,330 

The compressive strength of the fourth set of cylinders was not 

determined. 

Corrosion of Simulated Reinforcing Rod 

The loss in weight of nails used to simulate reinforcing rod versus 

time is presented in Figure 7. All of the candidate antifouling chemicals 

evaluated in this test inhibited rather than accelerated the corrosion 

of the steel except cuprous oxide, and that only when employed by itself. 

The presence of TBTO, creosote, or a mixture of these compounds caused a 

significant reduction in the rate at which the steel corroded. 

After 446 days exposure, the percentage of weight loss of the 10 

replicate nails exposed to the various concretes was: 



Treatment Weight Loss (%) 

Control 22) 75 2Q.6, 23.9 

Cu,0 5 2803 

TBTO and Cu,0 230 

TBTO 22025 QP 

TBTO/ creosote 79 

In Figure 7, the results from those treatments which were duplicated are 

averaged. 

None of the cylinders prepared with nails placed at the center and 

1 cm from the surface showed signs of cracking or spalling after 445 

days. These cylinders were exposed so that the bottom one-third was 

immersed in continually flowing seawater, while the top two-thirds of 

the cylinder was in air to simulate the hull of a concrete vessel. 

Biotoxicity 

Two experiments were performed to evaluate biotoxicity; the first 

using fertilized eggs of the red abalone H. rufescens, and the second 

using larvae of the same organism. 

In the initial part of the first experiment, it was found that an 

untreated control specimen caused cessation of development and death of 

fertilized eggs, so specimens were leached in flowing seawater for 102 

days and the test repeated. Concrete cylinders prepared using TBTO, 

TBTO/creosote, TBTO/Cu,0, Cu,0, and an untreated control were evaluated. 

Approximately 5,000 fertilized eggs were placed in 17 liters of 

seawater in a polyethylene bucket, into which a test cylinder was then 

placed. After 18 hours, the development of the eggs was observed micro- 

scopically. All eggs in buckets with a treated specimen had ceased 

development, while eggs in seawater with a control specimen were developing 

normally. Some differences were observed in the stages to which devel- 

opment progressed before death and in the morphology of the organism, 

depending on the toxicant present (Ref 13), but all the toxicants did 
cause cessation of development at some stage. 

The second experiment used the larvae of H. rufescens as the test 

organism. In this test three toxicant systems were evaluated at three 

different concentrations. Cylinders prepared using TBTO alone, a 

TBTO/creosote mixture, and a methoxychlor/TPTH/Cu,0 mixture were exposed 

to seawater in polyethylene pails containing 4.3 [Titers of seawater for 

2, 20, and 200 minutes. They were previously leached for 12 days in 

flowing seawater to establish a steady-state diffusion rate. An untreated 

control was similarly employed. Approximately 1,000 larvae were added 

to each pail, and the progress of development was observed periodically 

through a microscope. Table 5 shows the effect of the various toxicants 

at each concentration as a function of time. Differences in the 

morphology of the larvae exposed to the different toxicants were again 

observed. It is interesting to note that methoxychlor, a DDT analog, 

produced effects on the larvae more slowly than did other toxicants. 



Generally, the TBTO and TBTO/creosote caused necrosis, followed eventually 

by cellular disassociation. This effect is similar morphologically to 

that of elevated temperature (Ref 14). Methoxychlor caused abnormalities 

in developing body parts. After 32 hours, death occurred in all cases 

where toxicant was present. The development of larvae in pails which 

contained the duplicate set of controls continued normally for 7 days, 

after which the experiment was terminated. 

DISCUSSION 

Cost of Materials 

Toxicant cost varies greatly from one system to another. Because 

an OTEC plant will use a large amount of concrete, the cost of the 

material chosen as an antifoulant will be a major consideration. A 

comparison of the raw material cost of the various toxicants employed in 

this investigation is given below in 1979 dollars: 

Treatment Cost 

TBTO ($/1b) 6E55) 

Creosote ($/1b) 0.10 

Cu,0 ($/1b) 1.30 

Methoxychlor ($/1b) 1.40 

TPTH ($/1b) 8.16 

Nofoul rubber, 0.08 in.-thick ($/ft?) 4.85 

Organotin polymer ($/gal) 50.00 

One of the better toxicant systems employs 60% TBTO and 40% creosote 

impregnated into aggregate. Because of the high cost of TBTO relative 

to creosote, concrete containing a higher ratio of creosote to TBTO 

should be considered. It is worth noting that 100% TBTO is a less 

effective antifoulant than the TBTO/creosote mixture employed. The 

immediate conclusion is that the creosote provides antifouling properties 

not present in TBTO alone. It has been observed, however, that concrete 

specimens prepared with TBTO/creosote and left in a fog room for a few 

months become covered with a layer of toxicant that has oozed from the 

concrete. This phenomenon is not observed in specimens prepared using 

TBTO alone. It may be that the creosote acts as a vehicle for the TBTO, 

allowing it to move more readily through the concrete to the surface 

where it is effective as an antifoulant. This phenomenon is considered 

of great importance (Ref 15). If this is the case, other solvents may 

be even more effective. 

The cost of toxicant in concrete prepared using only TBTO at 8%, 

based on the weight of the other constituents, is $65/ft?. When TBTO/ 

creosote is used at 60/40, the cost is $40/ft?. This is significant 

both from the standpoint of reducing cost and from the standpoint of 

better antifouling properties. Further dilution of TBTO by creosote 

10 



would reduce the cost still more and could yield a better product. If 

the treated concrete is spread 0.5-inch thick over standard concrete (as 

it might be in an OTEC application) the toxicant cost is $1.64/ft? if 8% 
of the concrete weight is TBTO/creosote. 

The set of specimens prepared using methoxychlor/TPTH/Cu,0 appears 

to possess good antifouling properties. At the concentrations used, the 

cost of toxicants in this set is $63.40/ft?. This amounts to $2.64/f£t2 

when applied at a 0.5-inch thickness. 

Two sets of cylinders were evaluated where a coating was placed on 

otherwise untreated concrete. Both seem effective as antifoulants. The 

first of these is a brush-applied organotin polymer which would, at the 

level employed in this experiment, cost $0.10/ft2. It should be able to 

be applied in a heavier coating, perhaps by repetitive applications 

The second is a proprietary organotin-impregnated elastomer (Nofoul 

rubber). The cost of the materials and adhesives in this system is 

$4.85/ft*. A thickness of 0.08 inch is assumed. The manufacturer 

produces sheets having greater thicknesses at higher costs. 

Ocean Site Effects 

Differences in the rate of attachment and growth of fouling organisms 

at the two sites were expected. Figures 2 through 6 show these differ- 

ences. As a general rule, the first members of the fouling community 

observed on specimens at Key Biscayne were algae. Barnacles soon followed, 

eventually covering the specimen completely. At Port Hueneme, the 

sequence of attachment of fouling organisms was slower so that many 

different organisms would be found at one time on specimens where there 

was attachment. 

Each time a set of treated specimens was exposed, a set of controls 

was exposed with it. The importance of this cannot be overstated. For 

example, the number of larvae of barnacles in seawater varies tremen- 

dously at different times throughout the year and reaches maxima at 

different times in different years (Ref 2, Chap. 5). Similarly, one is 

cautioned not to compare weight increases of specimens exposed at one 

site versus those exposed at another. The only way an evaluation of the 

effectiveness of a given toxicant can be made is by comparing the weight 

increase of specimens prepared with it versus those of control specimens 

exposed at the same time in the same place. 

Objective Ratings 

Table 3 shows one subjective rating made on the first batch of 

specimens, and the final objective rating made on the same specimens. 

The objective gravimetric method yields a more easily handled numerical 

rating that can readily be plotted (Figures 2 through 6). Further, 
different people using this method will arrive at the same figure. 

Subjective rating is highly dependent upon the rater's judgment, 

which varies from person to person and from day to day. For these 

reasons, the objective weighing method of evaluation was employed in 

this experiment. No major differences in types of fouling have been 

noted between treated specimens and untreated controls — only amounts. 

11 



Persistence of Organotins 

A test to determine the life of an organotin in a seawater environ- 

ment was performed. A concrete panel made with TBTO-impregnated aggregate, 

cement, and water was prepared by Muraoka in May 1970, and placed in the 

harbor at Port Hueneme (Ref 4). In November 1977, it was removed from 

the harbor and cut with a concrete saw so that representative samples 

of both the interior and the outermost 3 mm were obtained. A portion of 

the sample from the interior was extracted three times with acetone and 

four times with benzene. Duplicates of these samples and a control 

which contained a known amount of TBTO were analyzed for tin by x-ray 

fluorescence spectroscopy. The analytical results were: 

Item Location ibsya, (GY) 

exterior WAV, 1285 

Exposed sample interior 1oS2, 1652 

interior (extracted) OR 2 Gr Ob) 

Control standard bo S5 bo BS) 

The standard was known to contain 14.8% tin, so the results should be 

raised about threefold. It will be seen, however, that the amount of 

tin found at the exterior of the specimen is nearly the same as that 

found at its interior. Furthermore, most of the tin present in the 

specimen was extractable in organic solvents; thus, it had not degraded 

to inorganic tin compounds during the 6-1/2 years the sample was in the 

ocean. It can be concluded that TBTO remains bound in an organic molecule 

for long periods of time in the antifouling concrete exposed in seawater. 

SUMMARY OF RESULTS 

Antifouling Properties 

Two systems employing toxicants as additives to concrete were found 

to have significant antifouling properties. The first of these employed 

porous aggregate impregnated with a mixture of bis-(tri-n-butyltin) 

oxide (TBTO) and creosote. The second employed triphenyltin hydroxide 

(TPTH), cuprous oxide, and methoxychlor, all of which were added to the 

concrete mix as dry powders. 

Both systems in which concrete was coated with toxicants exhibited 

good antifouling abilities. One consisted of a liquid organotin- 

polysiloxane coating brush-applied and allowed to cure by reaction with 

moisture in the air. With the second a sheet of rubber impregnated with 

TBTO was secured to the concrete by an adhesive. 

Toxicant Effects 

Compressive strength tests of concrete which contained antifoulant 

chemicals were also conducted. Results indicated that a sufficiently 

strong antifouling concrete could be prepared. 

12 



Investigations into the effect of the antifouling additives on the 

corrosion of reinforcing rods were performed. These tests indicated 

that those additives which proved efficacious retarded the corrosion of 

steel reinforcement. 
Biotoxicity tests revealed that the toxicants were lethal to test 

organisms in very small doses. Organotin (as TBTO) was found to remain 
bound in an organic molecule in concrete for 6% years in the ocean. 

Costs 

The cost of the toxicants employed is significant and will be a 

criterion in the selection of an antifouling system. The coating system 

consisting of the organotin-polysiloxane polymer is the least expensive, 

but insufficient data have been gathered to allow an estimation of its 

useful lifetime. At the coverage rate used in this investigation, the 

cost of this product was $0.10/ft?. 
The TBTO-impregnated rubber is higher in cost — cost increasing 

with increasing thickness. The 0.08-in.-thick sheet of this rubber 

product costs $4.85/ft? for material and adhesives. A 1-in.-thick panel 
has remained totally fouling free in Biscayne Bay for 7 years, according 

to the manufacturer. A 0.5-in.-thick sheet has an estimated antifouling 

life of 25 years in tropical waters. 
The cost of the two toxicant-bearing concretes described in this 

investigation depends upon the thickness of the treated concrete layer 

applied over the concrete structure. Assuming a 0.5-in. layer, the cost 

of the toxicant in the TBTO-creosote system is $1.64/ft*. This could be 
reduced (and perhaps an even better concrete prepared) by reducing the 

ratio of TBTO to creosote. The system employing TPTH, cuprous oxide, 

and methoxychlor carries a toxicant cost of $2.64/ft* when applied 
0.5-in. thick. Insufficient data are available to make it possible to 
speculate on whether this cost could be reduced significantly without 

losing the antifouling properties of the concrete. 

CONCLUSIONS 

Various candidate antifouling concretes were prepared and exposed 

in the ocean at two sites. The effects of the chemicals used as anti- 

foulants were investigated. Toxicity tests of the antifoulants on 

specific organisms were performed, and their effect on reinforcing rod 

was investigated. Results of these investigations are summarized as 

follows: 

1. Concrete into which toxicants were incorporated accumulated, at 

best, about half as much fouling as untreated controls. This ability to 

resist fouling is insufficient for practical use in the present form. 

Two systems in which toxicant-bearing coatings were applied to concrete 

show promise, but they have been under investigation for only a short 

time. 

2. A mixture of TBTO and creosote (60:40 by weight) impregnated into 

aggregate from which concrete is made yielded a product with better 

antifouling properties than concrete prepared from aggregate impregnated 

with TBTO only. This is highly significant from a cost standpoint. 

13 



3. Concrete prepared using TBTO-impregnated aggregate and cuprous oxide 

possesses some antifouling properties. Cuprous oxide, when employed as 

the sole antifoulant (at 2% by weight of the total) did not provide 

antifouling properties. 

4. Concrete containing methoxychlor, TPTH, and cuprous oxide demonstrated 

antifouling properties, while concrete prepared using methoxychlor alone 

exhibited none. These specimens have been exposed for only five months. 

5. A proprietary organotin-polysiloxane polymer coating was under 

evaluation for 5 months. Preliminary data indicate that this coating 

prevents fouling and is low in cost. 

6. A proprietary organotin-impregnated rubber sheeting demonstrated 

excellent antifouling properties for 2 months at Port Hueneme. Its cost 

is significantly greater than that of the organotin-polysiloxane coating 

both for materials and application. 

7. The cost of the various antifouling concretes varies considerably 
and will be an important consideration in the selection of one system 

versus another. 

8. Structurally sound concrete can be prepared using aggregate impreg- 

nated with the antifoulants employed in this investigation. The com- 

pressive strength of these concretes was greater after 9 months of ocean 

exposure than after the 28-day curing period. 

9. All of the candidate antifoulants considered for possible use caused 

a reduction in the corrosion rate of simulated steel reinforcing rods. 

10. Some of the candidate antifouling concretes were exposed in an area 

of the ocean where rock-boring clams (pholads) are known to exist. In 

the 1-1/2 years this test has been under way, none of these concretes 

(including the untreated controls) has shown evidence of attack by the 

pholads. 

11. Biotoxicity tests were performed with certain of the toxicants on 

the eggs and larvae of the red abalone Haliotis rufescens. All of the 

toxicants proved to be fatal to this organism at all concentrations 

tested. 

12. A TBTO-containing antifouling concrete panel prepared in an earlier 

investigation and exposed in the ocean 6-1/2 years had a tin concentration 

essentially the same at both the surface and the interior. The tin at 

the interior was shown to still exist in an organic molecule. 

RECOMMENDATIONS 

Concrete made with aggregate impregnated with a TBTO/creosote 

mixture exhibits antifouling properties after 1-1/2 years of exposure. 

The ratio of TBTO to creosote might well be lowered to reduce the cost 

of the impregnant. Because it has been shown that this mixture of 

impregnants displays a latent period before the best antifouling prop- 

erties are realized, this effect of time should be considered. If it is 

determined that creosote should not be used in concrete for an OTEC 

structure, other hydrocarbon vehicles for TBTO should be investigated. 
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After 5 months exposure, concrete containing a methoxychlor/TPTH/Cu,0 
mixture exhibits excellent antifouling properties. The exposure of 

these specimens will continue, and the efficacy of this concrete should 
be determined after a longer exposure. 

The two proprietary coatings exhibit excellent antifouling properties, 

but these also have been under test for only 5 months. Because the 

organotin polysiloxane coating is the least expensive of any of the 

antifouling systems investigated, exposure should continue. 

Alternatives to the use of any antifouling chemicals in the concrete 

exist. The hull could be scraped periodically by divers. Cold water 

pipes could be constructed of relatively inexpensive polymeric materials. 

They could be replaced as necessary, and the fouled pipes brought to a 
convenient place for scraping. These alternatives should be investigated 

to determine the most manpower- and cost-effective methods of controlling 

fouling of an OTEC facility. 
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Table 2. Toxicants Employed in Antifouling Concretes 

Identification Toxicant (Concentration)* 

Ul, 1 none control 

TBTO: creosote, 60:40 (9.0) 

none control 

none control 

TBTO (9.7) 

TBTO: creosote, 60:40 (8.8) 

TBTO (4.3) 

TBTO (4.3)/Cu 

Cu,0 (2.0) 

none control 

99 (2.0) 

methoxychlor (4.3) 

methoxychlor (4.3)/TPTH (4.8)/Cu,0 (C479) 

organotin polymer (unknown) 

No-foul rubber (unknown) 

*Percent by weight of all other constituents. 
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Table 3. Comparison of Subjective and Objective 

Methods of Rating Fouling 

[First Set of Specimens at Port Hueneme] 

Subjective Method of Rating 

Density of Fouling® 

yn Sy Only gil 
TSM Sh Gh le 

Fouling Organism 

Barnacles 

Bryozoa 

Tunicates 

Objective Method of Rating 

Mean Weight imesense? 

Gonaseion of Specimens (gm) 

87.0 

TOR LZ 

“Tp = few; M = medium; H = heavy; VH = very heavy; O = none. 

Other numbers onoee the number of organisms on a specimen. 

Peter 173 days. 
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Table 4. Weight of Accumulated Biofouling 

Toxicant Weight a Weight 

Increase Increase 

(gm) (gm) 

Control 

TBTO/creosote 

Control 

Control 

TBTO 

TBTO/creosote 

TBTO 

TBTO/Cu,,0 

CUO 

Control 

Methoxychlor 

Methoxychlor/TPTH/Cu,0 

Polymeric tin 

Control 

Organotin rubber 
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Table 5. Effect of Toxicant and Toxicant Concentration 

on Larvae of Haliotis Rufescens 

Effect” of Following Toxicants 

for Indicated Times -- 

Exposure 

Time Methoxychlor/ 
(heen) TBTO TBTO/Creosote Eee 0 

It It + + 

I+ 

no visible effect 

live, most immobile 

cellular disassociation or abnormal development 

dead ot lt + nou owe ot 

21 



Figure 1. Cylinders prepared for exposure in ladder-like position. 
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Figure 2. Weight increase, Port Hueneme, set no. 2. 

25 

600 700 



Grams 

900 

800 

700 

600 le 

“ale 

400 — 

300 i 

200 in 

O 
100 

control 

TBTO 

TBTO/creosote 

200 300 400 500 

Figure 3. Weight increase, Key Biscayne, set no. 2. 
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Figure 4. Weight increase, Port Hueneme, set no. 3 and 4. 

Days 

2 

100 150 



Grams 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

control 

TBTO/Cu,0 

100 200 

Days 

Figure 5. Weight increase, Key Biscayne, set no. 3. 
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Figure 6. Weight increase, Key Biscayne, set no. 4. 
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& Ops), Tyndall, FL; AFCEC/XR,Tyndall FL; CESCH, Wright-Patterson; HQ Tactical Air Cmd (R. E. 

Fisher), Langley AFB VA; HQAFESC/DEMM, Tyndall AFB, FL; MAC/DET (Col. P. Thompson) Scott, 

IL; SAMSO/MNND, Norton AFB CA; Samso, Vandenburg, AFB, CA; Stinfo Library, Offutt NE 

ARCTICSUBLAB Code 54, San Diego, CA 

ARMY ARRADCOM, Dover, NJ; BMDSC-RE (H. McClellan) Huntsville AL; DAEN-CWE-M (LT C D 
Binning), Washington DC; DAEN-FEU-E (J. Ronan), Washington DC; DAEN-MPE-D Washington DC; 

DAEN-MPU, Washington DC; ERADCOM Tech Supp Dir. (DELSD-L) Ft. Monmouth, NJ; HQ-DAEN- 
MPO-B (Mr. Price); Natick Cen (Kwoh Hu) Natick MA; Tech. Ref. Div., Fort Huachuca, AZ 

ARMY - CERL Library, Champaign IL 

ARMY COASTAL ENGR RSCH CEN Fort Belvoir VA; R. Jachowski, Fort Belvoir VA 
ARMY COE Philadelphia Dist. (LIBRARY) Philadelphia, PA 

ARMY CORPS OF ENGINEERS MRD-Eng. Div., Omaha NE; Seattle Dist. Library, Seattle WA 

ARMY CRREL A. Kovacs, Hanover NH; Constr. Engr Res Branch, (Aamot); G. Phetteplace Hanover, NH; 

Library, Hanover NH 

ARMY CRREL R.A. Eaton 

ARMY DARCOM AMCPM-CS (J. Carr), Alexandria VA 

ARMY ENG DIV HNDED-CS, Huntsville AL; HNDED-SR, Huntsville, AL 
ARMY ENG WATERWAYS EXP STA Library, Vicksburg MS 

ARMY ENGR DIST. Library, Portland OR 

ARMY ENVIRON. HYGIENE AGCY Water Qual Div (Doner), Aberdeen Prov Ground, MD 

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe, Watertown MA 
ARMY MISSILE R&D CMD Redstone Arsenal AL Sci. Info. Cen (Documents) 

ASO PWD (ENS J.A. Jenkins), Philadelphia, PA 

ASST SECRETARY OF THE NAVY Spec. Assist Energy (Leonard), Washington, DC; Spec. Assist 

Submarines, Washington DC 

BUREAU OF COMMERCIAL FISHERIES Woods Hole MA (Biological Lab. Lib.) 

BUREAU OF RECLAMATION (J Graham), Denver, CO; Code 1512 (C. Selander) Denver CO; G. Smoak, 

Denver CO 

CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk, VA 

CINCPAC Fac Engrng Div (J44) Makalapa, HI 

CNAVRES Code 13 (Dir. Facilities) New Orleans, LA 

CNM Code MAT-08T3, Washington, DC 

CNO Code NOP-964, Washington DC; Code OP 323, Washington DC; Code OP 987 Washington DC; Code OP- 
413 Wash, DC; Code OPNAV 09B24 (H); Code OPNAV 22, Wash DC; Code OPNAV 23, Wash DC; OP-23 

(Capt J.H. Howland) Washinton, DC; OP987J (J. Boosman), Pentagon 

COMCBPAC Operations Off, Makalapa HI 

COMFLEACT, OKINAWA PWO, Kadena, Okinawa 
COMNAVMARIANAS Code N4, Guam 

COMOCEANSYSPAC SCE, Pearl Harbor HI 

COMSUBDEVGRUONE Operations Offr, San Diego, CA 

DEFENSE DOCUMENTATION CTR Alexandria, VA 

DEFENSE INTELLIGENCE AGENCY Dir., Washington DC 

DNA (LTCOL J. Galloway), Washington, DC 

DOE (D Uthus), Arlington, VA; (G. Boyer), Washington, DC; (W. Sherwood) Washington, DC; Dr. Cohen; 

F.F. Parry, Washington DC; FCM (WE UTT) Washington DC; INEL Tech. Lib. (Reports Section), Idaho 

Falls, ID; Liffick, Richmond, WA; P. Jordan Washington, DC 

DTNSRDC Code 1706, Bethesda MD; Code 172 (M. Krenzke), Bethesda MD 

DTNSRDC Code 284 (A. Rufolo), Annapolis MD 

DTNSRDC Code 4111 (R. Gierich), Bethesda MD 

DTNSRDC Code 4121 (R. Rivers), Annapolis, MD 

DTNSRDC Code 42, Bethesda MD 

DTNSRDC Code 522 (Library), Annapolis MD 
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ENVIRONMENTAL PROTECTION AGENCY (Dr. R Dyer), Washington, DC; Reg. VIII, 8M-ASL, Denver 

CO 
FLTCOMBATTRACENLANT PWO, Virginia Bch VA 

FMFLANT CEC Offr, Norfolk VA 

GSA Fed. Sup. Serv. (FMBP), Washington DC; Office of Const. Mgmt (M. Whitley), Washington DC 

KWAJALEIN MISRAN BMDSC-RKL-C 

MARINE CORPS BASE Camp Pendleton CA 92055; Code 43-260, Camp Lejeune NC; M & R Division, Camp 

Lejeune NC; PWO Camp Lejeune NC; PWO, Camp S. D. Butler, Kawasaki Japan 

MARINE CORPS HQS Code LFF-2, Washington DC 
MARITIME ADMIN (E. Uttridge), Washington, DC 

MCAS Facil. Engr. Div. Cherry Point NC; CO, Kaneohe Bay HI; Code PWE, Kaneohe Bay HI; Code S4, 

Quantico VA; PWD, Dir. Maint. Control Div., Iwakuni Japan; PWO Kaneohe Bay HI; PWO, Yuma AZ; 

SCE, Futema Japan 

MCDEC NSAP REP, Quantico VA; P&S Div Quantico VA 

MCLSBPAC B520, Barstow CA; PWO, Barstow CA 

MCRD PWO, San Diego Ca 

NAD Engr. Dir. Hawthorne, NV 

NAF PWD - Engr Div, Atsugi, Japan; PWO Sigonella Sicily; PWO, Atsugi Japan 

NALF OINC, San Diego, CA 

NARF Code 100, Cherry Point, NC; Code 612, Jax, FL 

NAS CO, Guantanamo Bay Cuba; Code 114, Alameda CA; Code 183 (Fac. Plan BR MGR); Code 18700, 

Brunswick ME; Code 18U (ENS P.J. Hickey), Corpus Christi TX; Code 6234 (G. Trask), Point Mugu CA; 

Code 70, Atlanta, Marietta GA; Code 8E, Patuxent Riv., MD; Dir. Maint. Control Div., Key West FL; Dir. 

Util. Div., Bermuda; ENS Buchholz, Pensacola, FL; Lakehurst, NJ; Lead. Chief. Petty Offr. PW/Self Help 

Div, Beeville TX; OIC, CBU 417, Oak Harbor WA; PW (J. Maguire), Corpus Christi TX; PWD Maint. 

Cont. Dir., Fallon NV; PWD Maint. Div., New Orleans, Belle Chasse LA; PWD, Maintenance Control 

Dir., Bermuda; PWD, Willow Grove PA; PWO Belle Chasse, LA; PWO Chase Field Beeville, TX; PWO 

Key West FL; PWO Whiting Fld, Milton FL; PWO, Dallas TX; PWO, Glenview IL; PWO, Kingsville TX; 

PWO, Millington TN; PWO, Miramar, San Diego CA; PWO,, Moffett Field CA; ROICC Key West FL; 

SCE Lant Fleet Norfolk, VA; SCE Norfolk, VA; SCE, Barbers Point HI; Security Offr, Alameda CA 

NATL BUREAU OF STANDARDS B-348 BR (Dr. Campbell), Washington DC 

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC 

NATNAVMEDCEN PWO Bethesda, MD 

NAVACT PWO, London UK 

NAVACTDET PWO, Holy Lock UK 

NAVAEROSPREGMEDCEN SCE, Pensacola FL 

NAVAVIONICFAC PWD Deputy Dir. D/701, Indianapolis, IN 

NAVCOASTSYSTCTR CO, Panama City FL; Code 423 (D. Good), Panama City FL; Code 713 (J. Quirk) 

Panama City, FL; Code 715 (J. Mittleman) Panama City, FL; Library Panama City, FL 

NAVCOMMAREAMSTRSTA Code W-602, Honolulu, Wahiawa HI; PWO, Norfolk VA; PWO, Wahiawa HI; 

SCE Unit 1 Naples Italy 
NAVCOMMSTA CO (61E) Puerto Rico; Code 401 Nea Makri, Greece; PWO, Exmouth, Australia; PWO, Fort 

Amador Canal Zone 

NAVEDTRAPRODEVCEN Tech. Library 

NAVEDUTRACEN Engr Dept (Code 42) Newport, RI 

NAVELEXSYSCOM Code PME-124-61, Washington DC 

NAVENVIRHLTHCEN CO, Alexandria, VA 

NAVEODFAC Code 605, Indian Head MD 

NAVFAC PWO, Cape Hatteras, Buxton NC; PWO, Centerville Bch, Ferndale CA; PWO, Guam 

NAVFAC PWO, Lewes DE 

NAVFACENGCOM Code 042 Alexandria, VA; Code 043 Alexandria, VA; Code 044 Alexandria, VA; Code 

0451 Alexandria, VA; Code 0453 (D. Potter) Alexandria, VA; Code 0454B Alexandria, Va; Code 046; Code 

0461D (V M Spaulding) Alexandria, VA; Code 04B (M. Yachnis) Alexandria, VA; Code 04B3 Alexandria, 

VA; Code 04B5 Alexandria, VA; Code 081B Alexandria, VA; Code 100 Alexandria, VA; Code 1002B (J. 

Leimanis) Alexandria, VA; Code 1023 (T. D. Stevens), Alexandria VA; Code 1113 (M. Carr) Alexandria, 

VA; Code 1113 (T. Stevens) Alexandria, VA; Code 1113 Alexandria, VA; Morrison Yap, Caroline Is.; PC-2 

Alexandria, VA; PC-2 Alexandria, VA 
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NAVFACENGCOM - CHES DIV. Code 101 Wash, DC; Code 102, (Wildman), Wash, DC; Code 402 (D 

Scheesele) Washington, DC; Code 403 (H. DeVoe) Wash, DC; Code 405 Wash, DC; Code FPO-1 Wash, 

DC; Contracts, ROICC, Annapolis MD; FPO-1 (Spencer) Wash, DC; FPO-1 Wash, DC 

NAVFACENGCOM - LANT DIV. CDR E. Peltier; Code 10A, Norfolk VA; Code 111, Norfolk, VA; Eur. BR 
Deputy Dir, Naples Italy; European Branch, New York; RDT&ELO 102, Norfolk VA 

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia, PA; AROICC, Brooklyn NY; CO; Code 09P 

(LCDR A.J. Stewart); Code 1028, RDT&ELO, Philadelphia PA; Code 111 (Castranovo) Philadelphia, PA; 

Code 114 (A. Rhoads); Design Div. (R. Masino), Philadelphia PA; ROICC, Contracts, Crane IN 

NAVFACENGCOM - PAC DIV. (Kyi) Code 101, Pearl Harbor, HI; Code 2011 Pearl Harbor, HI; Code 402, 

RDT&E, Pearl Harbor HI; Commander, Pearl Harbor, HI 

NAVFACENGCOM - SOUTH DIV. Code 90, RDT&ELO, Charleston SC; ROICC (LCDR R. Moeller), 
Contracts, Corpus Christi TX 

NAVFACENGCOM - WEST DIV. 102; 112; AROICC, Contracts, Twentynine Palms CA; Code 04B San 
Bruno, CA; O9P/20 San Bruno, CA; RDT&ELO Code 2011 San Bruno, CA 

NAVFACENGCOM CONTRACT AROICC, Point Mugu CA; AROICC, Quantico, VA; Code 05, TRIDENT, 
Bremerton WA; Code 09E, TRIDENT, Bremerton WA; Dir, Eng. Div., Exmouth, Australia; Eng Div dir, 
Southwest Pac, Manila, PI; OICC (Knowlton), Kaneohe, HI; OICC, Southwest Pac, Manila, PI; OICC/ 

ROICC, Balboa Canal Zone; ROICC AF Guam; ROICC LANT DIV., Norfolk VA; ROICC Off Point 

Mugu, CA; ROICC, Diego Garcia Island; ROICC, Keflavik, Iceland; ROICC, Pacific, San Bruno CA 

NAVHOSP LT R. Elsbernd, Puerto Rico 

NAVMAG SCE, Guam 

NAVMIRO OIC, Philadelphia PA 
NAVNUPWRU MUSE DET Code NPU-30 Port Hueneme, CA 

NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3432 (J. DePalma), Bay St. Louis MS 

NAVOCEANSYSCEN Code 31 San Diego, CA; Code 41, San Diego, CA; Code 4473 Bayside Library, San 
Diego, CA; Code 52 (H. Talkington) San Diego CA; Code 5204 (J. Stachiw), San Diego, CA; Code 5214 

(H. Wheeler), San Diego CA; Code 5221 (R.Jones) San Diego Ca; Code 523 (Hurley), San Diego, CA; 

Code 5311 San Diego, CA; Code 6700, San Diego, CA; Code 811 San Diego, CA; Code 93, San Diego, CA; 

Research Lib., San Diego CA; Tech. Library, Code 447 

NAVORDSTA PWO, Louisville KY 

NAVPETOFF Code 30, Alexandria VA 

NAVPETRES Director, Washington DC 

NAVPGSCOL (Dr. G. Haderlie), Monterey, CA; D. Leipper, Monterey CA; E. Thornton, Monterey CA 

NAVPHIBASE CO, ACB 2 Norfolk, VA; Code S3T, Norfolk VA; Harbor Clearance Unit Two, Little Creek, 

VA 

NAVRADRECFAC PWO, Kami Seya Japan 

NAVREGMEDCEN Code 3041, Memphis, Millington TN; PWO Newport RI; PWO Portsmouth, VA; SCE (D. 

Kaye); SCE San Diego, CA; SCE, Camp Pendleton CA; SCE, Guam; SCE, Oakland CA 

NAVSCOLCECOFF C35 Port Hueneme, CA; CO, Code C44A Port Hueneme, CA 

NAVSEASYSCOM (R. Sea), Washington, DC; Code 00C-DG DiGeorge, Washington, DC; Code 0325, 

Program Mgr, Washington, DC; Code 0353 (J. Freund) Washington, DC; Code OOC (LT R. MacDougal), 

Washington DC; Code SEA OOC Washington, DC 

NAVSEC Code 6034 (Library), Washington DC; Code 6034, Washington DC 

NAVSECGRUACT Facil. Off., Galeta Is. Canal Zone; PWO, Adak AK; PWO, Edzell Scotland; PWO, Puerto 

Rico; PWO, Torri Sta, Okinawa 

NAVSHIPREPFAC Library, Guam; SCE Subic Bay 

NAVSHIPYD; Code 202.4, Long Beach CA; Code 202.5 (Library) Puget Sound, Bremerton WA; Code 380, 

(Woodroff) Norfolk, Portsmouth, VA; Code 400, Puget Sound; Code 400.03 Long Beach, CA; Code 404 

(LT J. Riccio), Norfolk, Portsmouth VA; Code 410, Mare Is., Vallejo CA; Code 440 Portsmouth NH; Code 

440, Norfolk; Code 440, Puget Sound, Bremerton WA; Code 450, Charleston SC; Code 453 (Util. Supr), 

Vallejo CA; L.D. Vivian; Library, Portsmouth NH; PWD (Code 400), Philadelphia PA; PWO, Mare Is.; 

PWO, Puget Sound; SCE, Pearl Harbor HI; Tech Library, Vallejo, CA 

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P.R. Puerto Rico; Dir Mech Engr, Gtmo; 

Engr. Dir., Rota Spain; Long Beach, CA; Maint. Cont. Div., Guantanamo Bay Cuba; Maint. Div. Dir/Code 

531, Rodman Canal Zone; PWD (LTJG.P.M. Motolenich), Puerto Rico; PWO Midway Island; PWO, 

Guantanamo Bay Cuba; PWO, Keflavik Iceland; PWO, Mayport FL; ROICC Rota Spain; ROICC, Rota 

Spain; SCE, Guam; SCE, San Diego CA; SCE, Subic Bay, R.P.; Utilities Engr Off. (A.S. Ritchie), Rota 

Spain 
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NAVSUBASE Bangor, Bremerton, WA; ENS S. Dove, Groton, CT; SCE, Pearl Harbor HI 

NAVSUPPACT CO, Seattle WA; Code 4, 12 Marine Corps Dist, Treasure Is., San Francisco CA; Code 413, 

Seattle WA; LTJG McGarrah, SEC, Vallejo, CA; Plan/Engr Div., Naples Italy 

NAVSUREFEWPNCEN J. Honaker, White Oak Lab, Silver Spring, MD; PWO, White Oak, Silver Spring, MD 

NAVTECHTRACEN SCE, Pensacola FL 

NAVUSEAWARENGSTA Keyport, WA 

NAVWARCOL President, Newport, RI 

NAVWPNCEN Code 2636 (W. Bonner), China Lake CA; PWO (Code 26), China Lake CA; ROICC (Code 

702), China Lake CA 

NAVWPNEVALFAC Technical Library, Albuquerque NM 

NAVWPNSTA (Clebak) Colts Neck, NJ; Code 092, Colts Neck NJ; Code 092A (C. Fredericks) Seal Beach CA; 

Maint. Control Dir., Yorktown VA 

NAVWPNSTA PW Office (Code 09C1) Yorktown, VA 

NAVWPNSTA PWO, Seal Beach CA 

NAVWPNSUPPCEN Code 09 Crane IN 

NCBU 405 OIC, San Diego, CA 

PWC Code 420, Pensacola, FL 

NCBC Code 10 Davisville, RI; Code 155, Port Hueneme CA; Code 155, Port Hueneme CA; Code 156, Port 

Hueneme, CA; Code 25111 Port Hueneme, CA; Code 400, Gulfport MS; NESO Code 251 P.R. Winter Port 

Hueneme, CA; PW Engrg, Gulfport MS; PWO (Code 80) Port Hueneme, CA; PWO, Davisville RI 

NCBU 411 OIC, Norfolk VA 

NCR 20, Commander 

NCSO BAHRAIN Security Offr, Bahrain 

NMCB 5, Operations Dept.; 74, CO; Forty, CO; THREE, Operations Off. 

NOAA (Dr. T. Mc Guinness) Rockville, MD; (M. Ringenbach), Rockville, MD; Library Rockville, MD 

NORDA Code 410 Bay St. Louis, MS; Code 440 (Ocean Rsch Off) Bay St. Louis MS 

NRL Code 8400 Washington, DC; Code 8441 (R.A. Skop), Washington DC; Rosenthal, Code 8440, Wash. DC 

NSC Code 54.1 (Wynne), Norfolk VA 

NSD SCE, Subic Bay, R.P. 

NTC Commander Orlando, FL; OICC, CBU-401, Great Lakes IL 

NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC 

NUSC Code 131 New London, CT; Code EA123 (R.S. Munn), New London CT; Code $332, B-80 (J. Wilcox); 

_ Code SB 331 (Brown), Newport RI; Code TA131 (G. De la Cruz), New London CT 

OCEANAV Mangmt Info Div., Arlington VA 

OCEANSYSLANT LT A.R. Giancola, Norfolk VA 

OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Pentagon (T. Casberg), Washington, DC 

ONR (Dr. E.A. Silva) Arlington, VA; BROFF, CO Boston MA; Code 221, Arlington VA; Code 481, Arlington 

VA; Code 481, Bay St. Louis, MS; Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA 

PACMISRANFAC CO, Kekaha HI 

PHIBCB 1 P&E, Coronado, CA 

PMTC Code 3331 (S. Opatowsky) Point Mugu, CA; Code 4253-3, Point Mugu, CA; EOD Mobile Unit, Point 

Mugu, CA; Pat. Counsel, Point Mugu CA 

PWC ACE Office (LTJG St. Germain) Norfolk VA; CO Norfolk, VA; CO, (Code 10), Oakland, CA; CO, 

Great Lakes IL; Code 10, Great Lakes, IL; Code 110, Oakland, CA; Code 120, Oakland CA; Code 120C, 

(Library) San Diego, CA; Code 128, Guam; Code 154, Great Lakes, IL; Code 200, Great Lakes IL; Code 

200, Guam; Code 220 Oakland, CA; Code 220.1, Norfolk VA; Code 30C, San Diego, CA; Code 400, Great 

Lakes, IL; Code 400, Oakland, CA; Code 400, Pearl Harbor, HI; Code 400, San Diego, CA; Code 420, 

Great Lakes, IL; Code 420, Oakland, CA; Code 42B (R. Pascua), Pearl Harbor HI; Code 505A (H. 

Wheeler); Code 600, Great Lakes, IL; Code 601, Oakland, CA; Code 610, San Diego Ca; Code 700, Great 

Lakes, IL; Code 700, San Diego, CA; LTJG J.L. McClaine, Yokosuka, Japan; Library, Subic Bay, R.P.; 

Utilities Officer, Guam; KO (Code 20) Oakland, CA 

SPCC PWO (Code 120) Mechanicsburg PA 

SUBRESUNIT OIC Seacliff, San Diego; OIC Turtle, San Diego 

TVA Smelser, Knoxville, Tenn. 

UCT TWO OIC, Norfolk, VA; OIC, Port Hueneme CA 

PETRO MARINE ENGINEERS 

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian) 

US DEPT OF INTERIOR Bureau of Land MNGMNT - Code 733 (T.E. Sullivan) Wash, DC 
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US GEOLOGICAL SURVEY (F Dyhrkopp) Metairie, LA; (R Krahl) Marine Oil & Gas Ops, Reston, VA; 

Off. Marine Geology, Piteleki, Reston VA 

USAF Jack S. Spencer, Washington, DC 

USAF REGIONAL HOSPITAL Fairchild AFB, WA 

USAF SCHOOL OF AEROSPACE MEDICINE Hyperbaric Medicine Div, Brooks AFB, TX 

USCG (G-ECV) Washington Dc; (G-MP-3/USP/82) Washington Dc; (Smith), Washington, DC; G-EOE-4/61 (T. 
Dowd), Washington DC 

USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT; Tech. Dir. Groton, CT 

USDA Forest Products Lab, Madison WI; Forest Products Lab. (R. DeGroot), Madison WI; Forest Service, 

Bowers, Atlanta, GA; Forest Service, San Dimas, CA 

USNA Ch. Mech. Engr. Dept Annapolis MD; Energy-Environ Study Grp, Annapolis, MD; Engr. Div. (C. Wu) 

Annaplolis MD; Environ. Prot. R&D Prog. (J. Williams), Annapolis MD; Ocean Sys. Eng Dept (Dr. 

Monney) Annapolis, MD; Oceanography Dept (Hoffman) Annapolis MD; PWD Engr. Div. (C. Bradford) 
Annapolis MD; PWO Annapolis MD 

AMERICAN CONCRETE INSTITUTE Detroit MI (Library) 

AMERICAN UNIVERSITY Washington DC (M. Norton) 

ARIZONA State Energy Programs Off., Phoenix AZ 

BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off., D. Davey) 
BROOKHAVEN NATL LAB M. Steinberg, Upton NY 

CALIF. DEPT OF FISH & GAME Long Beach CA (Marine Tech Info Ctr) 

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong) 

CALIF. MARITIME ACADEMY Vallejo, CA (Library) 

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm) 

CALIFORNIA STATE UNIVERSITY LONG BEACH, CA (CHELAPATI); LONG BEACH, CA (YEN); LOS 
ANGELES, CA (KIM) 

CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki, Wash., DC 

CLARKSON COLL OF TECH G. Batson, Potsdam NY 

CORNELL UNIVERSITY Ithaca NY (Serials Dept, Engr Lib.) 

DAMES & MOORE LIBRARY LOS ANGELES, CA 

DUKE UNIV MEDICAL CENTER B. Muga, Durham NC 

UNIVERSITY OF DELAWARE (Dr. S. Dexter) Lewes, DE 

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (Ocean Engr Dept., C. Lin); Boca Raton FL (W. 

Hartt); Boca Raton FL (W. Tessin); Boca Raton, FL (McAllister) 

FLORIDA TECHNOLOGICAL UNIVERSITY (J Schwalbe) Melbourne, FL; ORLANDO, FL (HARTMAN) 
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library) 

FUEL & ENERGY OFFICE CHARLESTON, WV 

GEORGIA INSTITUTE OF TECHNOLOGY Atlanta GA (School of Civil Engr., Kahn) 
HAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr) 

HOUSTON UNIVERSITY OF (Dr. R.H. Brown) Houston, TX 

GEORGIA INSTITUTE OF TECHNOLOGY Atlanta GA (B. Mazanti) 

INDIANA ENERGY OFFICE Energy Group, Indianapolis, IN 

INSTITUTE OF MARINE SCIENCES Dir, Port Aransas TX; Morehead City NC (Director) 
IOWA STATE UNIVERSITY Ames IA (CE Dept, Handy) 

WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget) 

JOHNS HOPKINS UNIV Rsch Lib, Baltimore MD 
KEENE STATE COLLEGE Keene NH (Cunningham) 

LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB., RICHARDS); Bethlehem 
PA (Fritz Engr. Lab No. 13, Beedle); Bethlehem PA (Linderman Lib. No.30, Flecksteiner) 

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV) 
LOUISIANA DIV NATURAL RESOURCES & ENERGY Dept. of Conservation, Baton Rouge LA 

MAINE MARITIME ACADEMY CASTINE, ME (LIBRARY) 

MAINE OFFICE OF ENERGY RESOURCES Augusta, ME 
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas) 

MISSOURI ENERGY AGENCY Jefferson City MO 
MIT Cambridge MA; Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.); Cambridge MA (Whitman); 

Cambridge, MA (Harleman) 

MONTANA ENERGY OFFICE Anderson, Helena, MT 

NATL ACADEMY OF ENG. ALEXANDRIA, VA (SEARLE, JR.) 
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NEW HAMPSHIRE Concord, NH, (Governor’s Council On Energy) 

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM 

NORTHWESTERN UNIV Z.P. Bazant Evanston IL 

NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY) 

NYS ENERGY OFFICE Library, Albany NY 
OKLAHOMA STATE UNIV (J.P. Lloyd) Stillwater, OK 

OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR; CORVALLIS, OR (CE DEPT, BELL); 

CORVALLIS, OR (CE DEPT, HICKS); Corvalis OR (School of Oceanography) 

PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER); State College PA (Applied 

Rsch Lab); UNIVERSITY PARK, PA (GOTOLSKI) 

POLLUTION ABATEMENT ASSOC. Graham 
PURDUE UNIVERSITY Lafayette IN (Leonards); Lafayette, IN (Altschaeffl); Lafayette, IN (CE Engr. Lib) 

CONNECTICUT Hartford CT (Dept of Plan. & Energy Policy) 

MUSEUM OF NATL HISTORY San Diego, CA (Dr. E. Schulenberger) 

SAN DIEGO STATE UNIV. 1. Noorany San Diego, CA; Dr. Krishnamoorthy, San Diego CA 

SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS); San Diego, CA (Marina Phy. Lab. 

Spiess) 
SEATILE U Prof Schwaegler Seattle WA 
SOUTHWEST RSCH INST King, San Antonio, TX; R. DeHart, San Antonio TX 

STANFORD UNIVERSITY Engr Lib, Stanford CA; STANFORD, CA (DOUGLAS); Stanford CA (Gene) 

STATE UNIV. OF NEW YORK Buffalo, NY; Fort Schuyler, NY (Longobardi) 

STATE UNIVERSITY OF NEW YORK (Dr. H. Herman) Stony Brook, NY 
TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich); College Station, TX Depts of Ocean, & 

Meteor; W.B. Ledbetter College Station, TX 

UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERWICK); Berkeley CA (B. Bresler); 
Berkeley CA (D.Pirtz); Berkeley CA (Dept of Naval Arch.); Berkeley CA (E. Pearson); DAVIS, CA (CE 

DEPT, TAYLOR); Energy Engineer, Davis CA; Engr Lib., Berkeley CA; LIVERMORE, CA 

(LAWRENCE LIVERMORE LAB, TOKARZ); La Jolla CA (Acq. Dept, Lib. C-075A); M. Duncan, 

Berkeley CA; P. Mehta, Berkeley CA; SAN DIEGO, CA, LA JOLLA, CA (SEROCKI); Vice President, 

Berkeley, CA 
UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson) 

UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.); Honolulu HI (Dr. Szilard) 

UNIVERSITY OF ILLINOIS Metz Ref Rm, Urbana IL; URBANA, IL (DAVISSON), URBANA, IL 

(LIBRARY); URBANA, IL (NEWMARK); Urbana IL (CE Dept, W. Gamble) 

UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept 

UNIVERSITY OF MICHIGAN Ann Arbor MI (G. Berg); Ann Arbor MI (Richart) 

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.) 

UNIVERSITY OF NEW HAMPSHIRE DURHAM, NH (LAVOIE) 

UNIVERSITY OF NOTRE DAME Katona, Notre Dame, IN 
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA, PA (SCHOOL OF ENGR & APPLIED SCIENCE, 

ROLL) 

UNIVERSITY OF RHODE ISLAND KINGSTON, RI (PAZIS); Narragansett RI (Pell Marine Sci. Lib.) 

UNIVERSITY OF SO. CALIFORNIA Univ So. Calif 
UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX 

UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON); Austin, TX (Breen) 

UNIVERSITY OF TEXAS MEDICAL BRANCH (Dr. R.L. Yuan) Arlington, TX 

UNIVERSITY OF WASHINGTON Seattle WA (M. Sherif); (Dr. N. Hawkins) Seattle, WA; Dept of Civil 

Engr (Dr. Mattock), Seattle WA; SEATTLE, WA (APPLIED PHYSICS LAB); SEATTLE, WA (OCEAN 

ENG RSCH LAB, GRAY); SEATTLE, WA (PACIFIC MARINE ENVIRON. LAB., HALPERN); Seattle 

WA (E. Linger); Seattle, WA Transportation, Construction & Geom. Div 

UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies) 

URS RESEARCH CO. LIBRARY SAN MATEO, CA 

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library) 

WOODS HOLE OCEANOGRAPHIC INST. Doc Lib LO-206, Woods Hole MA 

AGBABIAN ASSOC. C. Bagge, El Segundo CA 

ALFRED A. YEE & ASSOC. Honolulu HI 

AMERICAN BUR OF SHIPPING (S Stiansen) New York, NY 

AMETEK Offshore Res. & Engr Div 
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AMSCO Dr. R. McCoy, Erie, PA 

APPLIED TECH COUNCIL R. Scholl, Palo Alto CA 

ARCAIR CO. D. Young, Lancaster OH 

ARVID GRANT OLYMPIA, WA 

ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH) 
AUSTRALIA A. Eddie, Victoria 

BAGGS ASSOC. Beaufort, SC 

BECHTEL CORP. R. Leonard, San Francisco CA; SAN FRANCISCO, CA (PHELPS) 

BELGIUM HAECON, N.V., Gent 

BETHLEHEM STEEL CO. Dismuke, Bethelehem, PA 

BOUW KAMP INC Berkeley 

BRAND INDUS SERV INC. J. Buehler, Hacienda Heights CA 
BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley), Washington DC 

BROWN & CALDWELL E M Saunders Walnut Creek, CA 

BROWN & ROOT Houston TX (D. Ward) 

CANADA Can-Dive Services (English) North Vancouver; Library, Calgary, Alberta; Lockheed Petro. Serv. 

Ltd, New Westminster B.C.; Lockheed Petrol. Srv. Ltd., New Westminster BC; M. Malhotra, Ohawa, 

Canada; Mem Univ Newfoundland (Chari), St Johns; Nova Scotia Rsch Found, Corp. Dartmouth, Nova 

Scotia; Surveyor, Nenninger & Chenevert Inc., Montreal; Trans-Mnt Oil Pipe Lone Corp. Vancouver, BC 

Canada 

CHAS. TL MAIN, INC. (R.C. Goyette), Portland, OR 

CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.) 

CHEVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS) 

COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.) 

CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON) 
CONRAD ASSOC. Van Nuys CA (A. Luisoni) 

CONTINENTAL OIL CO O. Maxson, Ponca City, OK 

DENMARK E. Wulff, Svenborg 

DESIGN SERVICES Beck, Ventura, CA 

DILLINGHAM PRECAST F. McHale, Honolulu HI 

DIXIE DIVING CENTER Decatur, GA 

DRAVO CORP Pittsburgh PA (Wright) 

DURLACH, O'NEAL, JENKINS & ASSOC. Columbia SC 

EVALUATION ASSOC. INC KING OF PRUSSIA, PA (FEDELE) 

EXXON PRODUCTION RESEARCH CO Houston TX (A. Butler Jr); Houston, TX (Chao) 
FORD, BACON & DAVIS, INC. New York (Library) 

FRANCE (J. Trinh) ST-REMY-LES-CHEVREUSE; (P Ozanne), Brest; Dr. Dutertre, Boulogne; L. Pliskin, 
Paris; P. Jensen, Boulogne; P. Xercavins, Europe Etudes; Roger LaCroix, Paris 

GENERAL DYNAMICS Elec. Boat Div., Environ. Engr (H. Wallman), Groton CT 

GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding) 

GERMANY C. Finsterwalder, Sapporobogen 6-8 

GLIDDEN CO. STRONGSVILLE, OH (RSCH LIB) 

GOULD INC. Shady Side MD (Ches. Inst. Div., W. Paul) 

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr) 
GULF RAD. TECH. San Diego CA (B. Williams) 

HALEY & ALDRICH, INC. Cambridge MA (Aldrich, Jr.) 

HUGHES AIRCRAFT Culver City CA (Tech. Doc. Ctr) 

ITALY M. Caironi, Milan; Sergio Tattoni Milano; Torino (F. Levi) 

MAKAI OCEAN ENGRNG INC. Kailua, HI 

JAMES CO. R. Girdley, Orlando FL 

JAPAN (Dr. T. Asama), Tokyo; M. Kokubu, Tokyo; S. Inomata, Tokyo; S. Shiraishi, Tokyo 

KENNETH TATOR ASSOC CORAOPOLIS, PA (LIBRARY) 

KOREA Korea Rsch Inst. Ship & Ocean (B. Choi), Seoul 

LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (McCoy); Palisades NY (Selwyn) 

LIN OFFSHORE ENGRG P. Chow, San Francisco CA 

LOCKHEED MISSILES & SPACE CO. INC. L. Trimble, Sunnyvale CA; Sunnyvale CA (Rynewicz); 

Sunnyvale, CA (K.L. Krug) 

LOCKHEED OCEAN LABORATORY San Diego, CA (Springer) 

35 



MARATHON OIL CO Houston TX 
MARINE CONCRETE STRUCTURES INC. MEFAIRIE, LA (INGRAHAM) 

MC CLELLAND ENGINEERS INC Houston TX (B. McClelland) 

MCDONNEL AIRCRAFT CO. Dept 501 (R.H. Fayman), St Louis MO 

MEDERMOTT & CO. Diving Division, Harvey, LA 

MEXICO R. Cardenas 
MOBIL PIPE LINE CO. DALLAS, TX MGR OF ENGR (NOACK) 

MOBIL R & D CORP (J Hubbard), Dallas, TX 

MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach, CA 

MUESER, RUTLEDGE, WENTWORTH AND JOHNSTON NEW YORK (RICHARDS) 

NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian), Porirua 

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.) 

NOBLE, DENTON & ASSOC., INC. (Dr. M Sharples) Houston, TX 

NORWAY A. Torum, Trondheim; DET NORSKE VERITAS (Library), Oslo; DET NORSKE VERITAS 

(Roren) Oslo; E. Gjorv, Trondheim; F. Manning, Stavanger; I. Foss, Oslo; J. Creed, Ski; Norwegian Tech 

Univ (Brandtzaeg), Trondheim; R. Sletten, Oslo; S. Fjeld, Oslo; Siv Ing Knut Hove, Oslo 

OCEAN ENGINEERS SAUSALITO, CA (RYNECKI) 

OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON) 

OFFSHORE POWER SYS (S N Pagay) Jacksonville, FL 

PACIFIC MARINE TECHNOLOGY Long Beach, CA (Wagner) 

PORTLAND CEMENT ASSOC. (Dr. E. Hognestad) Skokie, IL; SKOKIE, IL (CORLEY; SKOKIE, IL 

(KLIEGER); Skokie IL (Rsch & Dev Lab, Lib.) 

PRESCON CORP TOWSON, MD (KELLER) 

PRESTRESSED CONCRETE INST C. Freyermuth, Chicago IL 

R J BROWN ASSOC (McKeehan), Houston, TX 

RAND CORP. Santa Monica CA (A. Laupa) 
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NJ 

RIVERSIDE CEMENT CO Riverside CA (W. Smith) 

SAFETY SERVICES, INC. A. Patton, Providence RI 

SANDIA LABORATORIES (Dr. D.R. Anderson) Albuquerque, NM; Albuquerque, NM (Vortman); Library 

Div., Livermore CA; Seabed Progress Div 4536 (D. Talbert) Albuquerque NM 

SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK) 

SEAFOOD LABORATORY MOREHEAD CITY, NC (LIBRARY) 

SEATECH CORP. MIAMI, FL (PERONI) 
SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.) 

SHELL OIL CO. HOUSTON, TX (MARSHALL); Houston TX (R. de Castongrene); I. Boaz, Houston TX 

SOUTH AMERICA B. Contarini, Rio de Janeiro, Brazil; N. Nouel, Valencia, Venezuela 

SPAIN D. Alfredo Paez, Algorta 
SWEDEN Cement & Concrete Research Inst., Stockholm; GeoTech Inst; K. Christenson, Stockholm; Kurt 

Eriksson, Stockholm; VBB (Library), Stockholm 

TECHNICAL COATINGS CO Oakmont PA (Library) 

TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.) 

THE NETHERLANDS Ir Van Loenen, Beverwijk; J. Slagter, Driebergen 

TIDEWATER CONSTR. CO Norfolk VA (Fowler) 

TRW SYSTEMS CLEVELAND, OH (ENG. LIB.); REDONDO BEACH, CA (DAT) 

UNION CARBIDE CORP. R.J. Martell Boton, MA 
UNITED KINGDOM (D. Faulkner) Glasgow, Scotland; (Dr. F.K. Garas), Middlesex; (Dr. P. Montague) 

Manchester, England; (H.W. Baker) Glasgow, Scotland; (M E W Jones) Glasgow, Scotland; (M J Collard), 

London; (W.F.G. Crozier Slough Bucks; A. Denton, London; Cambridge U (Dr. C. Morley) Cabridge, GB; 

Cement & Concrete Assoc Wexham Springs, Slough Bucks; Cement & Concrete Assoc. (Library), Wexham 

Springs, Slough; Cement & Concrete Assoc. (Lit. Ex), Bucks; D. Lee, London; D. New, G. Maunsell & 

Partners, London; J. Derrington, London; Library, Bristol; P. Shaw, London, R. Browne, Southall, 

Middlesex; R. Rudham Oxfordshire; Shaw & Hatton (F. Hansen), London; Sunderland Polytechnic (A.L. 

Marshall), Great Britain; T. Ridley, London; Taylor, Woodrow Constr (014P), Southall, Middlesex; 

Taylor, Woodrow Constr (Stubbs), Southall, Middlesex; Univ. of Bristol (R. Morgan), Bristol; W. Crozier, 

Wexham Springs; Watford (Bldg Rsch Sta, F. Grimer) 
UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div., Library) 

WARD, WOLSTENHOLD ARCHITECTS Sacramento, CA 

36 



WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan); Library, Pittsburgh PA 
WESTINTRUCORP Egerton, Oxnard, CA 

WISS, JANNEY, ELSTNER, & ASSOC Northbrook, IL (D.W. Pfeifer) 

WM CLAPP LABS - BATTELLE DUXBURY, MA (LIBRARY); Duxbury, MA (Richards) 
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS, III) 
ANTON TEDESKO Bronxville NY 

BRAHTZ La Jolla, CA 

BROWN, ROBERT University, AL 

BRYANT ROSE Johnson Div. UOP, Glendora CA 

BULLOCK La Canada 

DOBROWOLSKI, J.A. Altadena, CA 

F. HEUZE Alamo, CA 

GERWICK, BEN C. JR San Francisco, CA 

KETRON, BOB Ft Worth, TX 

KRUZIC, T.P. Silver Spring, MD 

LAYTON Redmond, WA 

CAPT MURPHY Sunnyvale, CA 

NORWAY B. Nordby, Oslo 

R.F. BESIER Old Saybrook CT 

SMITH Gulfport, MS 

T.W. MERMEL Washington DC 

WESTCOTT WM Miami, FL 

WM TALBOT Orange CA 
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